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(67)  Afirstvibrating section of an ultrasonic transmit-
ting unit includes a distal side relay portion provided in a
first vibration main body portion and positioned at a relay
antinode position being one of a first antinode position.
A second vibrating section includes a proximal side relay
portion provided in a second vibration main body portion
with being continuous with the distal side relay portion of
the first vibrating section or abutting on the distal side
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relay portion and positioned at a middle position different
from a second antinode position and a second node po-
sition, and a non-contact vibrating portion forming a distal
end of the second vibrating section and extending up to
a part the distal direction side from a distal end of the first
vibrating section with being not in contact with the first
vibrating section.
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Description
Technical Field

[0001] The present invention relates to an ultrasonic
transmitting unit which extends along a longitudinal axis
and which is configured to transmit an ultrasonic vibration
from a proximal direction toward a distal direction. Fur-
ther, the present invention relates to an ultrasonic treat-
ment device including this ultrasonic transmitting unit.

Background Art

[0002] Ultrasonic transmitting units extending along a
longitudinal axis are disclosed in Patent Literature 1 and
Patent Literature 2. Each of the ultrasonic transmitting
units includes a columnar portion and an ultrasonic probe
connected to a distal direction side of the columnar por-
tion. An ultrasonic generating portion such as an ultra-
sonic vibrator which is configured to generate an ultra-
sonic vibration is attached to the columnar portion. The
ultrasonic vibration generated in the ultrasonic generat-
ing portion is transmitted from a proximal direction toward
a distal direction through the columnar portion and the
ultrasonic probe.

[0003] Furthermore, in each of the ultrasonic transmit-
ting units, the columnar portion is provided with a sec-
tional area changing portion (a horn portion) in which a
sectional area perpendicular to the longitudinal axis
changes. Due the sectional area changing portion, an
amplitude of the ultrasonic vibration increases.

Citation List
Patent Literature
[0004]

Patent Literature 1: Jpn. PCT National Publication
No. 2010-535089
Patent Literature 2: Jpn. PCT National Publication
No. 2000-506431

Summary of Invention
Technical Problem

[0005] In the ultrasonic transmitting unit of each of Pat-
ent Literature 1 and Patent Literature 2 described above,
the amplitude of the ultrasonic vibration is increased by
the sectional area changing portion (the horn portion).
However, for the purpose of increasing an enlargement
ratio of the amplitude of the ultrasonic vibration in the
sectional area changing portion, it is necessary to suffi-
ciently enlarge the sectional area perpendicular to the
longitudinal axis of the ultrasonic transmitting unit (the
columnar portion) in a part located to a proximal direction
side from the sectional area changing portion. Therefore,
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an outer diameter of the ultrasonic transmitting unit be-
comes larger in the part located to the proximal direction
side with respect to the sectional area changing portion.
When the outer diameter of the ultrasonic transmitting
unit is increased, an ultrasonic treatment device in which
the ultrasonic transmitting unit is used becomes larger,
which causes the possibility that a treatment perform-
ance deteriorates.

[0006] Itis also considered that a dimension of the ul-
trasonic transmitting unit in directions parallel to the lon-
gitudinal axis is increased to dispose a plurality of the
sectional area changing portions. However, for example,
in the ultrasonic transmitting unit for use in an abdominal
section, it is necessary to decrease the dimension of the
ultrasonic transmitting unit in the directions parallel to the
longitudinal axis from the viewpoint of the treatment per-
formance. When the dimension of the ultrasonic trans-
mitting unit in the directions parallel to the longitudinal
axis is small, it is difficult to dispose the plurality of the
sectional area changing portions in the ultrasonic trans-
mitting unit. Therefore, the amplitude of the ultrasonic
vibration is not efficiently increased.

[0007] The present invention has been developed in
view of the above problem, and an object thereof is to
provide an ultrasonic transmitting unit and an ultrasonic
treatment device which can effectively increase an am-
plitude of an ultrasonic vibration.

Solution to Problem

[0008] To solve above mentioned problems, according
to one aspect of the invention, an ultrasonic transmitting
unit which extends along a longitudinal axis and which
is configured to transmit an ultrasonic vibration in direc-
tions parallel to the longitudinal axis, including: a first vi-
brating section which is configured to transmit the ultra-
sonic vibration from a distal direction toward a proximal
direction, and thereby configured to perform a first vibra-
tion having a first antinode position and a first node po-
sition at a predetermined frequency; and a second vibrat-
ing section which is configured to transmit the ultrasonic
vibration transmitted from the first vibrating section from
the proximal direction toward the distal direction, and
thereby configured to perform a second vibration having
a second antinode position and a second node position
at the same predetermined frequency as in the first vi-
bration, wherein the first vibrating section includes: a first
vibration main body portion; and a distal side relay portion
provided in the first vibration main body portion, and po-
sitioned at a relay antinode position which is one of the
first antinode position, and the second vibrating section
includes: a second vibration main body portion; a proxi-
mal side relay portion provided in the second vibration
main body portion in a state that the proximal side relay
portion is continuous with the distal side relay portion of
the first vibrating section or abuts on the distal side relay
portion of the first vibrating section, and positioned at a
middle position different from the second antinode posi-
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tion and the second node position; and a non-contact
vibrating portion in which a distal end of the second vi-
brating section is positioned, and which extends from the
proximal side relay portion toward the distal direction side
in a state that the non-contact vibrating portion is not in
contact with the first vibrating section, the non-contact
vibrating portion extending up to a part located to the
distal direction side from a distal end of the first vibrating
section.

Advantageous Effects of Invention

[0009] Accordingtothe presentinvention, itis possible
to provide an ultrasonic transmitting unit and an ultrason-
ic treatment device which can effectively increase an am-
plitude of an ultrasonic vibration.

Brief Description of Drawings
[0010]

FIG. 1 is a schematic view showing an ultrasonic
treatment device according to a first embodiment of
the present invention;

FIG. 2 is a sectional view schematically showing an
internal configuration of a vibrator case according to
the first embodiment;

FIG. 3 is a perspective view schematically showing
a configuration of an ultrasonic transmitting unit ac-
cording to the first embodiment;

FIG. 4 is a sectional view schematically showing a
configuration of an ultrasonic transmitting unit ac-
cording to the first embodiment;

FIG. 5is a sectional view along the line V-V of FIG. 3;
FIG. 6 is a sectional view along the line VI-VI of FIG.
3

FIG. 7 is a schematic view showing a change of a
first vibration with respect to a change of a position
along a longitudinal axis in a first vibrating section,
when the first vibrating section according to the first
embodiment vibrates alone;

FIG. 8 is a schematic view showing a change of a
second vibration in accordance with a change of a
position along a longitudinal axis in a second vibrat-
ing section, when the second vibrating section ac-
cording to the first embodiment vibrates alone;
FIG. 9 is a schematic view showing the change of
the first vibration and the change of the second vi-
bration with respect to a change of a position along
the longitudinal axis in the ultrasonic transmitting
unit, when the ultrasonic transmitting unit according
to the first embodiment vibrates;

FIG. 10 is a schematic view showing a change of the
first vibration with time at a relay antinode position
of the first vibrating section, when the ultrasonic
transmitting unit according to the first embodiment
vibrates;

FIG. 11 is a schematic view showing a change of the
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second vibration with time at a middle position of the
second vibrating section, when the ultrasonic trans-
mitting unit according to the first embodiment vi-
brates;

FIG. 12is a schematic view showing an enlargement
ratio of a second amplitude at a most distal antinode
position of the second vibration with respect to a first
amplitude at a first antinode position of the first vi-
bration, when a position of the middle position is
changed along the longitudinal axis in the second
vibrating section according to the first modification;
FIG. 13 is a sectional view schematically showing a
configuration of an ultrasonic transmitting unit ac-
cording to a first modification;

FIG. 14 is a sectional view schematically showing a
configuration of an ultrasonic transmitting unit ac-
cording to a second modification;

FIG. 15 is a sectional view schematically showing a
configuration of an ultrasonic transmitting unit ac-
cording to a third modification;

FIG. 16 is a schematic view showing a change of a
first vibration in accordance with a change of a po-
sition along a longitudinal axis in a first vibrating sec-
tion, when the ultrasonic transmitting unit according
to the third modification vibrates;

FIG. 17 is a sectional view schematically showing
an ultrasonic treatment device according to a second
embodiment;

FIG. 18 is a sectional view schematically showing
an ultrasonic transmitting unit according to the sec-
ond embodiment;

FIG. 19 is a sectional view along the line 19-19 of
FIG. 18;

FIG. 20 is a sectional view along the line 20-20 of
FIG. 18; and

FIG. 21 is a schematic view of FIG. 17 seen from a
distal direction.

Description of Embodiments
(First Embodiment)

[0011] A first embodiment of the present invention will
be described with reference to FIG. 1 to FIG. 12. FIG. 1
is a view showing an ultrasonic treatment device 1 of the
present embodiment. As shown in FIG. 1, the ultrasonic
treatment device 1 has a longitudinal axis C. Here, one
of two directions parallel to the longitudinal axis C is a
distal direction (a direction of an arrow C1 of FIG. 1), and
an opposite direction with respect to the distal direction
is a proximal direction (a direction of an arrow C2 of FIG.
1). The ultrasonic treatment device 1 includes a vibrator
case 2 and an ultrasonic transmitting unit 3 extending
along the longitudinal axis C.

[0012] The vibrator case 2 is connected to one end of
a cable 6. The other end of the cable 6 is connected to
a power source unit 7. The power source unit 7 includes
a current supply section 8 and an input section 9.
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[0013] FIG. 2 is a view showing an internal configura-
tion of the vibrator case 2. As shown in FIG. 2, in the
oscillator case 2, there is disposed an ultrasonic vibrator
12 as an ultrasonic generating portion including piezoe-
lectric elements 11A to 11D which are configured to con-
vert a current into an ultrasonic vibration. The ultrasonic
oscillator 12 is attached to the ultrasonic transmitting unit
3. The ultrasonic vibrator 12 is connected to one end of
each of electric wiring lines 13A, 13B. The electric wiring
lines 13A, 13B pass through the cable 6, and the other
end of each electric wiring line is connected to the current
supply section 8 of the power source unit 7. The electric
power supply section 8 supplies the current to the ultra-
sonic vibrator 12 via the electric wiring lines 13A, 13B,
and the ultrasonic vibration is thereby generated in the
ultrasonic oscillator 12.

[0014] FIG. 3 and FIG. 4 are views showing the ultra-
sonic transmitting unit 3. As shown in FIG. 3 and FIG. 4,
the ultrasonic transmitting unit 3 includes a first vibration
transmitting member 21 and a second vibration transmit-
ting member 22. The second vibration transmitting mem-
ber 22 is a so-called ultrasonic probe, and a proximal end
of the second vibration transmitting member 22 becomes
a proximal end of the ultrasonic transmitting unit 3. Fur-
thermore, adistal end of the second vibration transmitting
member 22 becomes a distal end of the ultrasonic trans-
mitting unit 3. An internal thread portion 23 is formed in
a proximal portion of the first vibration transmitting mem-
ber 21. Furthermore, an external thread portion 25 is
formed in the second vibration transmitting member 22.
The internal thread portion 23 is screwed to the external
thread portion 25, and the first vibration transmitting
member 21 is thereby attached to the second vibration
transmitting member 22. Furthermore, the first vibration
transmitting member 21 is attached to the vibrator case 2.
[0015] In the first vibration transmitting member 21, a
vibrator attaching portion 27 is provided. Members con-
stituting the ultrasonic oscillator 12, for example, the pi-
ezoelectric elements 11A to 11D, are attached to the vi-
brator attaching portion 27, and the ultrasonic vibrator 12
which is the ultrasonic generating portion is thereby at-
tached to the first vibration transmitting member 21.
When the ultrasonic vibrator 12 is attached to the first
vibration transmitting member 21, the ultrasonic vibration
generated in the ultrasonic vibrator 12 is transmitted to
the ultrasonic transmitting unit 3. Then, in the ultrasonic
transmitting unit 3, the ultrasonic vibration is transmitted
from the first vibration transmitting member 21 to the sec-
ond vibration transmitting member 22. The ultrasonic
transmitting unit 3 can transmit the ultrasonic vibration in
the directions parallel to the longitudinal axis C. In the
ultrasonic transmitting unit 3, the ultrasonic vibration is
transmitted, and the ultrasonic transmitting unit 3 thereby
performs a longitudinal vibration in which a vibrating di-
rection and a transmitting direction are parallel to the lon-
gitudinal axis C.

[0016] The ultrasonictransmitting unit 3 includes a first
vibrating section 31 which is configured to perform a first
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vibration at a predetermined frequency fO when the ul-
trasonic vibration is transmitted, and a second vibrating
section 32 which is configured to perform a second vi-
bration at the same predetermined frequency fO as in the
first vibration when the ultrasonic vibration is transmitted.
In the presentembodiment, the first vibration transmitting
member 21 becomes the first vibrating section 31 and
the second vibration transmitting member 22 becomes
the second vibrating section 32. Therefore, the ultrasonic
vibrator 12, which is the ultrasonic generating portion, is
attached to the first vibrating section 31.

[0017] Inastatethatthe ultrasonicprobe 12is attached
to the ultrasonic transmitting unit 3, the ultrasonic vibra-
tion generated in the ultrasonic vibrator 12 is transmitted
to the first vibrating section 31. Then, in the first vibrating
section 31, the ultrasonic vibration is transmitted from
the distal direction toward the proximal direction. In con-
sequence, the first vibrating section 31 performs the first
vibration having first antinode positions A1, A2 and a first
node position N1. The ultrasonic vibration is transmitted
from the first vibrating section 31 to the second vibrating
section 32. Then, in the second vibrating section 32, the
ultrasonic vibration is transmitted from the proximal di-
rection toward the distal direction. In consequence, the
second vibrating section 32 performs the second vibra-
tion having second antinode positions A’1 to A’3 and sec-
ond node positions N'1, N'2.

[0018] Itis to be noted that the first vibration transmit-
ting member 21 having a shape similar to that of the first
vibrating section 31 vibrates at the predetermined fre-
quency f0 even in a state that the second vibration trans-
mitting member 22 is not attached, when the ultrasonic
vibration is transmitted. Furthermore, the second vibra-
tion transmitting member 22 having a shape similar to
that of the second vibrating section 32 vibrates at the
predetermined frequency fO even in the state that the
second vibration transmitting member is not attached to
the first vibration transmitting member 21, when the ul-
trasonic vibration is transmitted.

[0019] The first vibrating section 31 includes a first vi-
bration main body portion 35. The first vibration main
body portion 35 is continuous to a proximal direction side
of the vibrator attaching portion 27. In the first vibration
main body portion 35, a distal side relay portion 36 is
provided. The distal side relay portion 36 is positioned at
a proximal end of the first vibration main body portion 35
(a proximal end of the first vibrating section 31 in the
present embodiment). Furthermore, inside the first vi-
brating section 31, a cavity portion 37 is formed along
the longitudinal axis C. Therefore, the first vibrating sec-
tion 31 is a tubular hollow section in which the cavity
portion 37 is formed.

[0020] The second vibrating section 32 includes a sec-
ond vibration main body portion 41. In the present em-
bodiment, a proximal end of the second vibration main
body portion 41 becomes a proximal end of the second
vibrating section 32. In the second vibration main body
portion 41, a proximal side relay portion 42 is disposed.
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The proximal side relay portion 42 is positioned at a distal
end of the second vibration main body portion 41. In a
state that the second vibration transmitting member 22
is attached to the first vibration transmitting member 21,
the proximal side relay portion 42 abuts on the distal side
relay portion 36 of the first vibrating section 31. That is,
a position of the distal side relay portion 36 coincides with
a position of the proximal side relay portion 42 in the
directions parallel to the longitudinal axis C. When the
proximal side relay portion 42 abuts on the distal side
relay portion 36, the ultrasonic vibration can be transmit-
ted from the first vibrating section 31 to the second vi-
brating section 32. It is to be noted that in the second
vibrating section 32, an outer diameter of the second vi-
bration main body portion 41 in a part located to the prox-
imal direction side from the proximal side relay portion
42 is about the same as an outer diameter of the first
vibration main body portion 35 of the first vibrating section
31.

[0021] Furthermore, the second vibrating section 32
includes a non-contact vibrating portion 43 extending
from the proximal side relay portion 42 toward the distal
direction side. A distal end of the non-contact vibrating
portion 43 becomes a distal end of the second vibrating
section 32. That is, the distal end of the second vibrating
section 32 is positioned in the non-contact vibrating por-
tion 43. The second vibration main body portion 41 is
continuous with a proximal direction side of the non-con-
tact vibrating portion 43.

[0022] In a state that the proximal side relay portion 42
abuts on the distal side relay portion 36, the non-contact
vibrating portion 43 is inserted through the first vibrating
section (the hollow section) 31. That is, the non-contact
vibrating portion 43 is a columnar portion extending
through the cavity portion 37 of the first vibrating section
31. The non-contact vibrating portion (the columnar por-
tion) 43 extends from the distal side relay portion 36 po-
sitioned at the proximal end of the first vibrating section
31 toward the distal direction side. Furthermore, the non-
contact vibrating portion extends up to a position located
to the distal direction side from a distal end of the first
vibrating section 31 through the cavity portion 37 of the
first vibrating section 31. The non-contact vibrating por-
tion 43 does not come in contact with the first vibrating
section 31 when the non-contact vibrating portion is in-
serted through the first vibrating section (the hollow sec-
tion) 31.

[0023] FIG. 5 is a sectional view along the line V-V of
FIG. 3, and FIG. 6 is a sectional view along the line VI-
VI of FIG. 3. As shown in FIG. 3 and FIG. 4, the second
vibrating section 32 includes a sectional area changing
portion 45. Due to the sectional area changing portion
45, at the proximal side relay portion 42, a sectional area
perpendicular to the longitudinal axis C of the second
vibrating section 32 changes. Therefore, a second sec-
tional area D2 (see FIG. 6) perpendicular to the longitu-
dinal axis C of the non-contact vibrating portion 43 (the
second vibrating section 32) located to the distal direction
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side from the proximal side relay portion 42 is smaller
than a first sectional area D1 (see FIG. 5) perpendicular
to the longitudinal axis C of the second vibration main
body portion 41 (the second vibrating section 32) located
to the proximal direction side with respect to the proximal
side relay portion 42.

[0024] Next, functions and effects of the ultrasonic
transmitting unit 3 and the ultrasonic treatment device 1
will be described. When a treatment object such as a
living tissue is treated by using the ultrasonic transmitting
unit 3, a current of a predetermined value and a prede-
termined frequency is supplied from the current supply
section 8 to the ultrasonic vibrator 12 via the electric wir-
ing lines 13A, 13B by an operation in the input section 9.
In consequence, the ultrasonic vibration is generated in
the ultrasonic vibrator (the ultrasonic generating portion)
12, and the ultrasonic vibration is transmitted to the first
vibrating section 31 of the ultrasonic transmitting unit 3.
Furthermore, when the ultrasonic vibration is transmitted
from the distal direction toward the proximal direction in
the first vibrating section 31, the first vibrating section 31
performs the first vibration at the predetermined frequen-
cy fO.

[0025] The ultrasonic vibration transmitted to the first
vibrating section 31 is transmitted to the second vibrating
section 32. Furthermore, when the ultrasonic vibration is
transmitted from the proximal direction toward the distal
direction in the second vibrating section 32, the second
vibrating section 32 performs the second vibration at the
same predetermined frequency f0 as in the first vibration.
A distal portion of the ultrasonic transmitting unit 3 (the
second vibrating section 32) performs the treatment of
the treatment target in a state that the ultrasonic trans-
mitting unit 3 is vibrated. In this case, an amplitude of the
ultrasonic vibration at the distal end of the ultrasonic
transmitting unit 3 (the second vibrating section 32) be-
comes larger, so that the treatment of the treatment ob-
ject is efficiently performed by using the ultrasonic vibra-
tion.

[0026] Here, the first vibration transmitting member 21
having the shape similar to that of the first vibrating sec-
tion 31 vibrates at the predetermined frequency fO even
inthe state that the second vibration transmitting member
22 is not attached, when the ultrasonic vibration is trans-
mitted. That is, the first vibrating section 31 (the first vi-
bration transmitting member 21) performs the first vibra-
tion at the predetermined frequency fO even alone.
[0027] FIG. 7 is a view showing a change of a first
vibration (v1) in accordance with a change of a position
S along the longitudinal axis C in the first vibrating section
31 when the first vibrating section 31 alone vibrates. Itis
to be noted that FIG. 7 shows the first vibration (v1) at
time t =11, t2, t3, and t4. As shown in FIG. 3, FIG. 4 and
FIG. 7, in the first vibration of the predetermined frequen-
cy f0, a position S1 which is the proximal end of the first
vibration main body portion 35 (the proximal end of the
first vibrating section 31) becomes the first antinode po-
sition A1. Furthermore, in the first vibration, a position S3
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which is a distal end of the vibrator attaching portion 27
(the distal end of the first vibrating section 31) becomes
the first antinode position A2. In the first vibrating section
31, the proximal end becomes the first antinode position
A1 and the distal end becomes the first antinode position
A2, so that the first vibrating section can vibrate at the
predetermined frequency f0. Furthermore, a position S2
positioned at an intermediate position between the posi-
tion S1 and the position S3 becomes the first node posi-
tion N1 of the first vibration.

[0028] Here, the amplitude of the first vibration at each
position (S) in the first vibrating section 31 along the lon-
gitudinal axis C is a first amplitude. In the first vibration
of the first vibrating section 31 alone, the first amplitude
at the first antinode positions A1, A2 has a magnitude
V1. Furthermore, inthefirst vibrating section 31, the distal
side relay portion 36 is positioned at the first antinode
position A1. Here, the first antinode position A1 is one of
the first antinode positions A1, A2, and becomes a relay
antinode position where the distal side relay portion 36
is positioned.

[0029] Furthermore, the second vibration transmitting
member 22 having a shape similar to that of the second
vibrating section 32 vibrates at the predetermined fre-
quency f0 even in a state that the second vibration trans-
mitting member is not attached to the first vibration trans-
mitting member 21, when the ultrasonic vibration is trans-
mitted. That is, the second vibrating section 32 (the sec-
ond vibration transmitting member 22) performs a second
vibration at the predetermined frequency fO even alone.
[0030] FIG.8isaviewshowingachange of the second
vibration (v2) with respect to a change of a position S’
along the longitudinal axis C in the second vibrating sec-
tion 32 when the second vibrating section 32 vibrates
alone. It is to be noted that FIG. 8 shows the second
vibration (v2) at time t = t1, 2, t3, and t4. As shown in
FIG. 3, FIG. 4 and FIG. 8, in the second vibration at the
predetermined frequency f0, a position S’1 which is the
proximal end of the second vibration main body portion
41 (the proximal end of the second vibrating section 32)
becomes the second antinode position A’1. Furthermore,
in the second vibration, a position S’5 which is the distal
end of the second vibrating section 32 (the distal end of
the non-contact vibrating portion 43) becomes the sec-
ond antinode position A’3. In the second vibrating section
32, the distal end becomes the second antinode position
A’3 and the proximal end becomes the second antinode
position A’1, so that the second vibrating section can vi-
brate at the predetermined frequency f0.

[0031] Furthermore,inthe second vibrating section 32,
positions S’2 to S’4 are positioned between the position
S’1 and the position S’5 in the directions parallel to the
longitudinal axis C. In the second vibration, the position
S’3 becomes the second antinode position A’2. Further-
more, in the second vibration, the position S’2 becomes
the second node position N’1 and the position S'4 be-
comes the second node position N’2. Here, the second
antinode position A’3 positioned most distally among the
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second antinode positions A’1 to A’3 becomes a most
distal antinode position.

[0032] Furthermore, the proximal side relay portion 42
is positioned at a middle position M different from the
second antinode positions A’1 to A’3 and the second
node positions N’1, N2 of the second vibration. In the
present embodiment, the middle position M is positioned
between the second node position N’1 and the second
antinode position A’'1.

[0033] Here, an amplitude of the second vibration at
each position (S’) of the second vibrating section 32 along
the longitudinal axis C is a second amplitude. In the sec-
ond vibration of the second vibrating section 32 alone,
the second amplitude at the second antinode position
A’1 has a magnitude V2a. Furthermore, the second am-
plitude at the second antinode positions A’2, A’3 has a
magnitude V2b. The magnitude V2a of the second am-
plitude at the second antinode position A’1 when the sec-
ond vibrating section 32 alone vibrates is the same as
the magnitude V1 of the first amplitude at the first antin-
ode positions A1, A2 when the first vibrating section 31
alone vibrates.

[0034] Furthermore, in the proximal side relay portion
42 of the second vibrating section 32, a sectional area
of the second vibrating section 32 perpendicular to the
longitudinal axis C changes due to the sectional area
changing portion 45. That is, the second sectional area
D2 perpendicular to the longitudinal axis C of the non-
contact vibrating portion 43 (the second vibrating section
32) positioned to the distal direction side with respect to
the proximal side relay portion 42 is smaller than the first
sectional area D1 perpendicular to the longitudinal axis
C of the second vibration main body portion 41 (the sec-
ond vibrating section 32) positioned to the proximal di-
rection side from the proximal side relay portion 42. In
the second vibrating section 32, the ultrasonic vibration
is transmitted from the proximal direction toward the dis-
tal direction. Therefore, in the sectional area changing
portion 45 (the proximal side relay portion 42), the am-
plitude of the ultrasonic vibration is enlarged. Therefore,
the magnitude V2b of the second amplitude atthe second
antinode positions A’2, A’3 located to the distal direction
side from the sectional area changing portion 45 is larger
than the magnitude V2a of the second amplitude at the
second antinode position A’1 located to the proximal di-
rection side from the sectional area changing portion 45.
[0035] Furthermore, the ultrasonic transmitting unit 3
in which the second vibration transmitting member 22 is
attached to the first vibration transmitting member 21 also
vibrates at the predetermined frequency f0, when the ul-
trasonic vibration is transmitted. In this case, the first vi-
brating section 31 performs the first vibration at the pre-
determined frequency f0 and the second vibrating section
32 performs the second vibration at the predetermined
frequency fO0.

[0036] FIG. 9is a view showing the change of the first
vibration (v1) and the change of the second vibration (v2)
with respect to a change of the position (S, S’) along the
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longitudinal axis C in the ultrasonic transmitting unit 3
when the ultrasonic transmitting unit 3, in which the sec-
ond vibration transmitting member 22 is attached to the
first vibration transmitting member 21, vibrates. Itis to be
noted that FIG. 9 shows the first vibration (v1) and the
second vibration (v2) at time t = t1, 12, t3, and t4.
Furthermore, FIG. 9 shows the first vibration of the first
vibrating section 31 by a dotted line, and shows the sec-
ond vibration of the second vibrating section 32 by a solid
line.

[0037] As shown in FIG. 3, FIG. 4 and FIG. 9, also in
a case where the ultrasonic transmitting unit 3 vibrates,
the first vibrating section 31 performs the first vibration
at the predetermined frequency f0 in the same manner
as in a case where the first vibrating section 31 performs
the first vibration alone. Therefore, the first antinode po-
sitions A1, A2 and the first node position N1 in the direc-
tions parallel to the longitudinal axis C are the same po-
sitions as the first antinode positions A1, A2 and the first
node position N1 when the first vibrating section 31 alone
performs the first vibration. Furthermore, also in a case
where the ultrasonic transmitting unit 3 vibrates at the
predetermined frequency f0, the first amplitude at the first
antinode positions A1, A2 has the amplitude V1 in the
same manner as in the case where the first vibrating sec-
tion 31 vibrates alone.

[0038] Furthermore, in the case where the ultrasonic
transmitting unit 3 vibrates, the second vibrating section
32 performs the second vibration at the predetermined
frequency f0 in the same manner as in a case where the
second vibrating section 32 alone performs the second
vibration. Therefore, the second antinode positions A’1
to A’3 and the second node positions N’'1, N'2 in the di-
rections parallel to the longitudinal axis C are the same
positions as the second antinode positions A’1 to A’3 and
the second node positions N’1, N'2 in the case where the
second vibrating section 32 performs the second vibra-
tion alone.

[0039] Here, in the ultrasonic transmitting unit 3, the
ultrasonic vibration is transmitted from the first vibrating
section 31 to the second vibrating section 32 via the distal
side relay portion 36 and the proximal side relay portion
42. The distal side relay portion 36 is positioned at the
first antinode position A1 of the first vibration and the
proximal side relay portion 42 is positioned at the middle
position M of the second vibration. In the ultrasonic trans-
mitting unit 3, the proximal side relay portion 42 abuts on
the distal side relay portion 36 and the first antinode po-
sition A1 coincides with the middle position M in the di-
rections parallel to the longitudinal axis C.

[0040] FIG. 10 is a view showing a change of the first
vibration with time at the relay antinode position (A1),
when the ultrasonic transmitting unit 3 vibrates at the
predetermined frequency f0. Furthermore, FIG. 11 is a
view showing a change of the second vibration with time
at the middle position M when the ultrasonic transmitting
unit 3 vibrates at the predetermined frequency f0. As
shown in FIG. 9 to FIG. 11, when the ultrasonic transmit-
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ting unit 3 vibrates, the first amplitude of the first vibration
at the relay antinode position (A1) has the magnitude V1.
Furthermore, the second amplitude of the second vibra-
tion at the middle position M has a magnitude V2c.
[0041] Here, the proximal side relay portion 42 abuts
on the distal side relay portion 36, and the first antinode
position A1 matches the middle position M in the direc-
tions parallel to the longitudinal axis C. Therefore, the
magnitude V2c of the second amplitude at the middle
position M is the same as the magnitude V1 of the first
amplitude at the first antinode position A1(, A2). Further-
more, the first vibration at the relay antinode position (the
first antinode position) A1 and the second vibration at the
middle position M have the same phase with respect to
each other.

[0042] When the ultrasonic transmitting unit 3 vibrates,
the magnitude V2c of the second amplitude at the middle
position M different from the second antinode positions
A’1to A’3 becomes the same as the magnitude V1 of the
firstamplitude atthe firstantinode positions A1, A2. When
the ultrasonic transmitting unit 3 vibrates, the second am-
plitude at the second antinode position A’1 has a mag-
nitude V2d and the second amplitude at the second an-
tinode positions A’2, A’3 has a magnitude V2e. In the
second vibration, the second amplitude at the second
antinode positions A’1 to A’3 is larger than the second
amplitude at the middle position M. Therefore, when the
ultrasonic transmitting unit 3 vibrates at the predeter-
mined frequency f0, the magnitudes V2d, V2e of the sec-
ond amplitude at the second antinode positions A’1 to
A’3 of the second vibration are larger than the magnitude
V1 of the first amplitude at the first antinode positions A1,
A2 of the first vibration.

[0043] Asdescribedabove, itis possible to enlarge the
second amplitude of the ultrasonic vibration at the distal
end of the second vibrating section 32 (the distal end of
the ultrasonic transmitting unit 3) by a configuration other
than the configuration to change the sectional area per-
pendicular to the longitudinal axis C of the ultrasonic
transmitting unit 3. Furthermore, the outer diameter of
the second vibration main body portion 41 located to the
proximal direction side from the proximal side relay por-
tion 42 in the second vibrating section 32 is about the
same as the outer diameter of the first vibration main
body portion 35 of the firstvibrating section 31. Therefore,
the outer diameter of the second vibration main body
portion 41 does not become larger. Therefore, the outer
diameter of the ultrasonic transmitting unit 3 is not in-
creased, but the amplitude of the ultrasonic vibration is
effectively enlarged. In consequence, the treatment of
the treatment object is efficiently performed by using the
ultrasonic vibration at the distal end of the ultrasonic
transmitting unit 3, without increasing the outer diameter
of the ultrasonic transmitting unit 3.

[0044] Furthermore, the ultrasonic vibration is trans-
mitted from the distal direction toward the proximal direc-
tion in the first vibrating section 31. Then, the ultrasonic
vibration is transmitted to the second vibrating section
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32 through the distal side relay portion 36 and the prox-
imal side relay portion 42. Then, in the second vibrating
section 32, the ultrasonic vibration is transmitted from
the proximal direction toward the distal direction. As de-
scribed above, the ultrasonic vibration is transmitted, and
hence it is not necessary to increase a dimension of the
ultrasonic transmitting unit 3 in the directions parallel to
the longitudinal axis C. Therefore, the amplitude of the
ultrasonic vibration is effectively enlarged without in-
creasing the dimension of the ultrasonic transmitting unit
3 in the directions parallel to the longitudinal axis C. In
consequence, the treatment of the treatment target is
efficiently performed by using the ultrasonic vibration at
the distal end of the ultrasonic transmitting unit 3, without
increasing the dimension of the ultrasonic transmitting
unit 3 in the directions parallel to the longitudinal axis C.
[0045] Furthermore,inthe second vibrating section 32,
there are disposed the proximal side relay portion 42 on
which the distal side relay portion 36 of the first vibrating
section 31 abuts, and the non-contact vibrating portion
43 inserted through the cavity portion 37 of the first vi-
brating section (the hollow section) 31. Therefore, in the
proximal side relay portion 42 of the second vibrating
section 32, the sectional area of the second vibrating
section 32 perpendicular to the longitudinal axis C chang-
es due to the sectional area changing portion 45. That
is, the second sectional area D2 perpendicular to the
longitudinal axis C of the non-contact vibrating portion
43 (the second vibrating section 32) located to the distal
direction side with respect to the proximal side relay por-
tion 42 is smaller than the first sectional area D1 perpen-
dicular to the longitudinal axis C of the second vibration
main body portion 41 (the second vibrating section 32)
located to the proximal direction side from the proximal
side relay portion 42.

[0046] Inthesecond vibrating section 32, the ultrasonic
vibration is transmitted from the proximal direction toward
the distal direction. Therefore, in the sectional area
changing portion 45 (the proximal side relay portion 42),
the amplitude of the ultrasonic vibration is further en-
larged. That is, the magnitude V2e of the second ampli-
tude at the second antinode positions A’2, A’3 located to
the distal direction side from the sectional area changing
portion 45 is larger than the magnitude VV2d of the second
amplitude at the second antinode position A’1 located to
the proximal direction side from the sectional area chang-
ing portion 45. Therefore, the amplitude of the ultrasonic
vibration is further effectively enlarged. It is to be noted
thatas described above, the outer diameter of the second
vibration main body portion 41 located to the proximal
direction side from the sectional area changing portion
45 is about the same as the outer diameter of the first
vibration main body portion 35 of the first vibrating section
31. Therefore, the outer diameter of the ultrasonic trans-
mitting unit 3 does not become larger due to the sectional
area changing portion 45.

[0047] FIG. 12 shows an enlargement ratio E of the
magnitude V2e of the second amplitude atthe most distal
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antinode position A’3 of the second vibration with respect
to the magnitude V1 of the first amplitude at the first an-
tinode positions A1, A2 of the first vibration, when a po-
sition of the middle position M is changed along the lon-
gitudinal axis C in the second vibrating section 32. That
is, the drawing shows the enlargement ratio E of the mag-
nitude V2e of the second amplitude at the most distal
antinode position (A’3) with respect to the magnitude V1
of the first amplitude at the first antinode positions A1,
A2, when the position of the middle position M is changed
between the second node position N’1 and the second
antinode position A’1. Here, the second node position
N’1 becomes a nearby node position positioned closest
to the middle position M among the second node posi-
tions (N’1, N’2). Furthermore, the second antinode posi-
tion A’'1 is a nearby antinode position positioned closest
to the middle position M among the second antinode po-
sitions (A’1 to A’3).

[0048] As described above, the magnitude V2c of the
second amplitude at the middle position M is the same
as the magnitude V1 of the first amplitude at the first
antinode position A1 which is the relay antinode position.
Therefore, regardless of the positional change of the mid-
dle position M along the longitudinal axis C, the magni-
tude V2c of the second amplitude at the middle position
M is the same as the magnitude V1 of the first amplitude
at the first antinode positions A1, A2. That is, the mag-
nitude V2c of the second amplitude at the middle position
M does not change in accordance with the positional
change of the middle position M along the longitudinal
axis C.

[0049] Onthe other hand, as the position of the middle
position M comes closer to the nearby node position
(N’1), a ratio E’ of the magnitude V2e of the second am-
plitude at the most distal antinode position (the second
antinode position) A’3 with respect to the magnitude V2¢
of the second amplitude at the middle position M be-
comes larger. The magnitude V1 of the first amplitude at
the first antinode positions A1, A2 is the same as the
magnitude V2c of the second amplitude at the middle
position M. Therefore, as shown in FIG. 12, as the posi-
tion of the middle position M comes closer to the nearby
node position (N'1), the enlargement ratio E of the second
amplitude at the most distal antinode position A’3 with
respectto the firstamplitude at the firstantinode positions
A1, A2 becomes larger. Here, a dimension along the lon-
gitudinal axis C between the nearby node position (N’1)
and the middle position M is a first axis parallel dimension
L1, and a dimension along the longitudinal axis C be-
tween the nearby antinode position (A’1) and the middle
position M is a second axis parallel dimension L2. When
the first axis parallel dimension L1 is smaller than the
second axis parallel dimension L2, the enlargement ratio
E of the second amplitude at the most distal antinode
position A’3 to the first amplitude at the first antinode
positions A1, A2 becomes larger. In the present embod-
iment, the first axis parallel dimension L1 and the second
axis parallel dimension L2 are preferably set so that the
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enlargementratio E is 3 or more. Therefore, the treatment
of the treatment object is further efficiently performed by
using the ultrasonic vibration.

[0050] It is to be noted that when the middle position
M coincides with the second node position N’1 which is
the nearby node position, the enlargement ratio E of the
second amplitude at the most distal antinode position A’3
with respect to the first amplitude at the first antinode
positions A1, A2 infinitely becomes larger, and the sec-
ond amplitude of the ultrasonic vibration at the second
antinode positions A’1 to A’3 infinitely becomes larger.
When a position where the second amplitude infinitely
becomes largeris generated in the ultrasonic transmitting
unit 3, transmission properties of the ultrasonic vibration
in the ultrasonic transmitting unit 3 disadvantageously
deteriorate. On the other hand, when the middle position
M matches the second antinode position A’1, the ampli-
tude of the ultrasonic vibration is enlarged only by the
sectional area changing portion 45. Therefore, the mag-
nitude V2d of the second amplitude at the second anti-
node position A’1 is the same as the magnitude V1 of
the first amplitude at the first antinode positions A1, A2.
That is, the enlargement ratio E of the second amplitude
at the most distal antinode position A’3 with respect to
the first amplitude at the first antinode positions A1, A2
is the same as a ratio D1/D2 of the first sectional area
D1 with respect to the second sectional area D2. As de-
scribed above, the middle position M of the second vi-
bration is different from the second antinode positions
A’1 to A’3 and the second node positions N'1, N'2, and
hence the second amplitude of the ultrasonic vibration
at the distal end of the second vibrating section 32 (the
distal end of the ultrasonic transmitting unit 3) is effec-
tively enlarged.

[0051] As described above, in the ultrasonic transmit-
ting unit 3, the second amplitude of the ultrasonic vibra-
tion at the distal end of the second vibrating section 32
(the distal end of the ultrasonic transmitting unit 3) can
be increased without increasing the outer diameter and
without increasing the dimension in the directions parallel
to the longitudinal axis C. In consequence, the treatment
of the treatment object can efficiently be performed by
using the ultrasonic vibration without increasing the outer
diameter of the ultrasonic transmitting unit 3 and without
increasing the dimension in the directions parallel to the
longitudinal axis C of the ultrasonic transmitting unit 3.

(Modifications of First Embodiment)

[0052] Furthermore, in the first embodiment, the first
vibrating section 31 and the second vibrating section 32
are formed of the first vibration transmitting member 21
of the shape similar to that of the first vibrating section
31 and the second vibration transmitting member 22 of
the shape similar to that of the second vibrating section
32, but it is not limited to this example. For example, as
a first modification shown in FIG. 13, a first vibrating sec-
tion 31 and a second vibrating section 32 may be formed
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of a third vibration transmitting member 51 and a fourth
vibration transmitting member 52. In the present modifi-
cation, an engagement groove 53 is provided in the third
vibration transmitting member 51, and an engaging pro-
jection 55 is provided in the fourth vibration transmitting
member 52. Furthermore, when the engaging projection
55 engages with the engagement groove 53, the fourth
vibration transmitting member 52 is attached to the third
vibration transmitting member 51 to form the ultrasonic
transmitting unit 3.

[0053] In the present modification, the engaging pro-
jection 55 is positioned to a distal direction side with re-
spect to a distal side relay portion 36 and a proximal side
relay portion 42. Therefore, at a position located to the
distal direction side from the distal side relay portion 36
and the proximal side relay portion 42, the fourth vibration
transmitting member 52 is attached to the third vibration
transmitting member 51. Therefore, in the present mod-
ification, the third vibration transmitting member 51 be-
comes a part of thefirstvibrating section 31. Furthermore,
the fourth vibration transmitting member 52 forms a part
of the first vibrating section 31 except the third vibration
transmitting member 51 and forms the second vibrating
section 32. Furthermore, in the present modification, at
the position located to the distal direction side from the
distal side relay portion 36 and the proximal side relay
portion 42, the fourth vibration transmitting member 52
is attached to the third vibration transmitting member 51,
and hence the proximal side relay portion 42 is continu-
ous with the distal side relay portion 36.

[0054] Furthermore, in the present modification, a
proximal end of the third vibration transmitting member
51 is positioned to the distal direction side from the distal
side relay portion 36, and hence the proximal end of the
third vibration transmitting member 51 is a position dif-
ferent from a first antinode position (a relay antinode po-
sition) A1 of a first vibration. Therefore, in a state that the
fourth vibration transmitting member 52 is not attached,
the third vibration transmitting member 51 does not vi-
brate at a predetermined frequency fO even when ultra-
sonic vibration is transmitted. In the state that the fourth
vibration transmitting member 52 is not attached, the third
vibration transmitting member 51 does not vibrate, and
hence an erroneous actuation is effectively prevented in
a treatment in which the ultrasonic vibration is used.
[0055] It is to be noted that a distal end of the fourth
vibration transmitting member 52 is positioned at a sec-
ond antinode position A’3 of a second vibration, and a
proximal end thereof is positioned at a second antinode
position A’1 of the second vibration. Therefore, the fourth
vibration transmitting member 52, to which the ultrasonic
vibration is transmitted, vibrates atthe predetermined fre-
quency fO even in a state that the fourth vibration trans-
mitting member is not attached to the third vibration trans-
mitting member 51.

[0056] Also in the present modification, the fourth vi-
bration transmitting member 52 is attached to the third
vibration transmitting member 51, so that the first vibrat-
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ing section 31 and the second vibrating section 32 similar
to those of the first embodiment are formed. Therefore,
a second amplitude at the second antinode positions A’1
to A’3 of a second vibration is larger than a first amplitude
at the first antinode positions A1, A2 of the first vibration.
[0057] Furthermore, as a second modification shown
in FIG. 14, a first vibrating section 31 and a second vi-
brating section 32 may integrally be formed of a fifth vi-
bration transmitting member 57. In the present modifica-
tion, the first vibrating section 31 and the second vibrating
section 32 are integrally formed of the fifth vibration trans-
mitting member 57, and hence a proximal side relay por-
tion 42 is continuous with a distal side relay portion 36.
Also in the present modification, the first vibrating section
31 and the second vibrating section 32 similar to those
of the first embodiment are formed, and hence a second
amplitude at second antinode positions A’1 to A’3 of a
second vibration is larger than a first amplitude at first
antinode positions A1, A2 of a first vibration.

[0058] Furthermore, as a third modification shown in
FIG. 15, a horn portion 59 in which a sectional area per-
pendicular to a longitudinal axis C changes may be pro-
vided in a first vibration main body portion 35. In the horn
portion 59, the sectional area of a first vibrating section
31 which is perpendicular to the longitudinal axis C de-
creases from a distal direction toward a proximal direc-
tion.

[0059] FIG. 16 is a view showing a change of a first
vibration (v1) with respect to a change of a position S
along the longitudinal axis C in the first vibrating section
31, when an ultrasonic transmitting unit 3 of the present
modification vibrates at a predetermined frequency f0.
As shown in FIG. 16, the horn portion 59 is provided, and
a first amplitude V1b at a first antinode position (a relay
antinode position) A1 located to a proximal direction side
from the horn portion 59 is therefore larger than a first
amplitude V1a at a first antinode position A2 located to
a distal direction side from the horn portion 59.

[0060] Therefore, in the present modification, the am-
plitude of ultrasonic vibration at a distal end of the ultra-
sonictransmitting unit 3 (a distal end of a second vibrating
section 32) is further effectively enlarged.

(Second Embodiment)

[0061] Next, a second embodiment of the present in-
vention will be described with reference to FIG. 17 to FIG.
21. In the second embodiment, the configuration of the
first embodiment is modified as follows. It is to be noted
that the same part as in the first embodiment is denoted
with the same reference numerals, and description there-
of is omitted.

[0062] FIG. 17 is a view showing an ultrasonic treat-
ment device 1 of the present embodiment, and FIG. 18
is a view showing an ultrasonic transmitting unit 3. As
shown in FIG. 17 and FIG. 18, the ultrasonic transmitting
unit 3 includes a first vibration transmitting member 21’
and a second vibration transmitting member 22°. A prox-
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imal end of the second vibration transmitting member 22’
becomes a proximal end of the ultrasonic transmitting
unit 3. Furthermore, a distal end of the second vibration
transmitting member 22’ becomes a distal end of the ul-
trasonic transmitting unit 3. An internal thread portion 23’
is formed in a proximal portion of the first vibration trans-
mitting member 21°. Furthermore, an external thread por-
tion 25’ is formed in the second vibration transmitting
member 22’. The internal thread portion 23’ is screwed
to the external thread portion 25’, and the first vibration
transmitting member 21’ is thereby attached to the sec-
ond vibration transmitting member 22’. Furthermore, the
second vibration transmitting member 22’ is attached to
a vibrator case 2.

[0063] The ultrasonic transmitting unit 3 includes a first
vibrating section 31’ which is configured to perform a first
vibration at a predetermined frequency fO when ultrason-
ic vibration is transmitted, and a second vibrating section
32’ which is configured to perform a second vibration at
the same predetermined frequency fO as in the first vi-
bration when the ultrasonic vibration is transmitted. In
the present embodiment, the first vibration transmitting
member 21’ becomes the first vibrating section 31’ and
the second vibration transmitting member 22’ becomes
the second vibrating section 32’. An ultrasonic vibrator
12 which is an ultrasonic generating portion is attached
to the first vibrating section 31°.

[0064] Similarly to the first vibrating section 31 of the
first embodiment, in the first vibrating section 31’, the
ultrasonic vibration is transmitted from a distal direction
toward a proximal direction. In consequence, the first vi-
brating section 31’ performs the first vibration having first
antinode positions A1, A2 and a first node position N1.
Furthermore, similarly to the second vibrating section 32
of the first embodiment, in the second vibrating section
32’, the ultrasonic vibration is transmitted from the prox-
imaldirectiontoward the distal direction. In consequence,
the second vibrating section 32’ performs the second vi-
bration having second antinode positions A’1 to A’3 and
second node positions N'1, N'2.

[0065] Similarly to the first vibrating section 31 of the
first embodiment, the first vibrating section 31’ includes
a first vibration main body portion 35’ and a vibrator at-
taching portion 27°. Furthermore, a distal side relay por-
tion 36’ is positioned at a proximal end of the first vibration
main body portion 35’ (a proximal end of the first vibrating
section 31’ in the present embodiment). However, in the
presentembodiment, differing from the first vibrating sec-
tion 31 of the first embodiment, a cavity portion 37 is not
formed inside the first vibrating section 31’. Therefore,
the first vibrating section 31’ is a columnar section.
[0066] Furthermore, similarly to the second vibrating
section 32 of the first embodiment, the second vibrating
section 32’ includes a second vibration main body portion
41’ and a non-contact vibrating portion 43’. In the present
embodiment, a proximal end of the second vibration main
body portion 41’ becomes a proximal end of the second
vibrating section 32’. Furthermore, a proximal side relay
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portion 42’ is positioned at a distal end of the second
vibration main body portion 41°. In a state that the second
vibration transmitting member 22’ is attached to the first
vibration transmitting member 21’, the proximal side relay
portion 42’ abuts on the distal side relay portion 36’ of
the first vibrating section 31’. The proximal side relay por-
tion 42’ abuts on the distal side relay portion 36’, so that
the ultrasonic vibration can be transmitted from the first
vibrating section 31’ to the second vibrating section 32’.
[0067] Furthermore, also in the second vibrating sec-
tion 32, a distal end of the non-contact vibrating portion
43’ becomes a distal end of the second vibrating section
32’inthe same manner as in the second vibrating section
32 of the first embodiment. A cavity portion 37’ is formed
inside the non-contact vibrating portion 43’, differing from
the non-contact vibrating portion 43 of the first embodi-
ment. That is, the non-contact vibrating portion 43’ is a
hollow portion inside which the cavity portion 37’ is
formed. Furthermore, the first vibrating section 31’ which
is the columnar section is disposed in the cavity portion
37’. Also in the present embodiment, similarly to the non-
contact vibrating portion 43 of the first embodiment, the
non-contact vibrating portion (the hollow portion) 43’ ex-
tends up to a part located to a distal direction side from
the distal end of the first vibrating section 31°. Further-
more, the non-contact vibrating portion 43’ does not
come in contact with the first vibrating section 31°. Itis to
be noted that an outer diameter of the second vibration
main body portion 41’ located to the proximal direction
side from the proximal side relay portion 42’ in the second
vibrating section 32’ is about the same as an outer diam-
eter of the non-contact vibrating portion 43’ of the second
vibrating section 32’.

[0068] FIG. 19is a sectional view along the line 19-19
of FIG. 18, and FIG. 20 is a sectional view along the line
20-20 of FIG. 18. As shown in FIG. 16 and FIG. 17, the
second vibrating section 32’ includes a sectional area
changing portion 45’. Due to the sectional area changing
portion 45’, in the proximal side relay portion 42’, a sec-
tional area perpendicular to a longitudinal axis C of the
second vibrating section 32’ changes. Therefore, a sec-
ond sectional area D’2 (see FIG. 20) perpendicular to the
longitudinal axis C of the non-contact vibrating portion
43’ (the second vibrating section 32’) located to the distal
direction side from the proximal side relay portion 42’ is
smaller than a first sectional area D’1 (see FIG. 19) per-
pendicular to the longitudinal axis C of the second vibra-
tion main body portion 41’ (the second vibrating section
32’) located to the proximal direction side with respect to
the proximal side relay portion 42’.

[0069] FIG. 21isaview of FIG. 17 seen from the distal
direction. As shown in FIG. 17, FIG. 18 and FIG. 21, the
second vibrating section 32’ includes a distal surface 61
which forms the distal end of the ultrasonic transmitting
unit 3 (the second vibrating section 32’). On the distal
surface 61, there is formed an open portion 62 which
allows the outside of the second vibrating section 32’ to
communicate with the cavity portion 37’. An area of the

10

15

20

25

30

35

40

45

50

55

1"

open portion 62 is smaller than a sectional area perpen-
dicular to the longitudinal axis C of the cavity portion 37°.
Therefore, a surface area P of the distal surface 61 is
larger than the second sectional area D’2 perpendicular
to the longitudinal axis C of the non-contact vibrating por-
tion 43’ (the second vibrating section 32’) located to the
distal direction side from the proximal side relay portion
42’

[0070] Furthermore, on an outer peripheral portion of
the non-contact vibrating portion 43’, there are formed
opening holes 63A, 63B which allow the outside of the
second vibrating section 32’ to communicate with the
cavity portion 37’. Electric wiring lines 13A, 13B each
having one end connected to the ultrasonic vibrator 12
pass through the opening hole 63A from the cavity portion
37’ to extend to the outside of the second vibrating section
32’. Furthermore, the other end of each of the electric
wiring lines 13A, 13B is connected to a current supply
section 8 of a power source unit 7 through an inside of
the vibrator case 2 and an inside of a cable 6.

[0071] Furthermore, the open portion 62 of the distal
surface 61 of the second vibrating section 32’ is connect-
ed to one end of a suction tube 65. The suction tube 65
extends through the cavity portion 37’ and passes
through the opening hole 63B to extend to the outside of
the second vibrating section 32’. Furthermore, the other
end of the suction tube 65 is connected to a suction unit
(not shown).

[0072] Next, functions and effects of the ultrasonic
transmitting unit 3 and the ultrasonic treatment device 1
will be described. When a treatment object such as a
living tissue is treated by using the ultrasonic transmitting
unit 3, a current is supplied from the current supply sec-
tion 8 to the ultrasonic vibrator 12 via the electric wiring
lines 13A, 13B by an operation in an input section 9. In
consequence, the ultrasonic vibration is generated in the
ultrasonic vibrator (an ultrasonic generating portion) 12,
and the ultrasonic vibration is transmitted to the first vi-
brating section 31’ of the ultrasonic transmitting unit 3.
Furthermore, similarly to the first embodiment, when the
ultrasonic vibration is transmitted from the distal direction
toward the proximal direction in the first vibrating section
31’, the first vibrating section 31’ performs the first vibra-
tion at the predetermined frequency f0.

[0073] The ultrasonic vibration transmitted to the first
vibrating section 31’is transmitted to the second vibrating
section 32'. Furthermore, similarly to the first embodi-
ment, when the ultrasonic vibration is transmitted from
the proximal direction toward the distal direction in the
second vibrating section 32’, the second vibrating section
32’ performs the second vibration at the same predeter-
mined frequency f0 as in the first vibration. A distal portion
of the ultrasonic transmitting unit 3 (the second vibrating
section 32’) performs the treatment of the treatment tar-
get in a state that the ultrasonic transmitting unit 3 is
vibrated. That is, in the distal surface 61 of the second
vibrating section 32’, the living tissue is shattered and
emulsified by using a cavitation phenomenon. In this
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case, an amplitude of the ultrasonic vibration at the distal
surface 61 of the ultrasonic transmitting unit 3 (the second
vibrating section 32’) becomes larger, so that the living
tissue is efficiently shattered and emulsified, and the
treatment of the treatment object is efficiently performed
by using the ultrasonic vibration.

[0074] Then, the suction unit (notshown) is driven, and
the shattered and emulsified living tissue is suctioned
from the open portion 62 of the distal surface 61. The
suctioned living tissue passes through the suction tube
65, and is suctioned and collected by the suction unit. As
described above, an ultrasonic suction treatment is per-
formed.

[0075] Similarly to the first embodiment, also in the
presentembodiment, in the first vibrating section 31’, the
distal side relay portion 36’ is positioned at the relay an-
tinode position A1 which is one of the first antinode po-
sitions A1, A2. Furthermore, a first amplitude at the first
antinode positions A1, A2 in the first vibration has a mag-
nitude V1. Furthermore, similarly to the first embodiment,
inthe second vibrating section 32’, the proximal side relay
portion 42’ is positioned at a middle position M different
from the second antinode positions A'1 to A’3 and the
second node positions N’1, N'2 of the second vibration.
Furthermore, inthe second vibration, a second amplitude
atthe second antinode position A’1 has a magnitude V2d,
and the second amplitude at the second antinode posi-
tions A’2, A’3 has a magnitude V2e.

[0076] Furthermore, similarly to the first embodiment,
also in the present embodiment, at the middle position
M (the first antinode position A1), the proximal side relay
portion 42’ abuts on the distal side relay portion 36’ and
the ultrasonic vibration is transmitted from the first vibrat-
ing section 31’ to the second vibrating section 32’. There-
fore, a magnitude V2c of the second amplitude at the
middle position M is the same as the magnitude V1 of
the first amplitude at the first antinode position A1(, A2).
Furthermore, the first vibration at the relay antinode po-
sition (the first antinode position) A1 and the second vi-
bration at the middle position M have the same phase
with respectto each other. Inconsequence, in the second
vibration, the magnitude V2c of the second amplitude at
the middle position M different from the second antinode
positions A’1 to A’3 is the same as the magnitude V1 of
the first amplitude at the first antinode positions A1, A2
of the first vibration. Therefore, the second amplitude at
the second antinode positions A’1 to A’3 of the second
vibration is larger than the first amplitude at the first an-
tinode positions A1, A2 of the first vibration.

[0077] Asdescribed above, itis possible to enlarge the
second amplitude of the ultrasonic vibration in the distal
surface 61 of the second vibrating section 32’ (the distal
end ofthe ultrasonic transmitting unit 3) by a configuration
other than the configuration to change the sectional area
perpendicular to the longitudinal axis C. Furthermore, the
outer diameter of the second vibration main body portion
41’ located to the proximal direction side from the prox-
imal side relay portion 42’ in the second vibrating section
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32’ is about the same as the outer diameter of the non-
contact vibrating portion 43’ of the second vibrating sec-
tion 32'. Therefore, the outer diameter of the second vi-
bration main body portion 41’ does not become larger.
Therefore, the outer diameter of the ultrasonic transmit-
ting unit 3 is not increased, but the amplitude of the ul-
trasonic vibration is effectively enlarged. In conse-
quence, the treatment of the treatment object s efficiently
performed by using the ultrasonic vibration at the distal
end of the ultrasonic transmitting unit 3, without increas-
ing the outer diameter of the ultrasonic transmitting unit 3.
[0078] Furthermore, similarly to the first embodiment,
the ultrasonic vibration is transmitted from the distal di-
rection toward the proximal direction in the first vibrating
section 31’. Furthermore, the ultrasonic vibration is trans-
mitted to the second vibrating section 32’ through the
distal side relay portion 36’ and the proximal side relay
portion 42’. Furthermore, in the second vibrating section
32’, the ultrasonic vibration is transmitted from the prox-
imal direction toward the distal direction. As described
above, the ultrasonic vibration is transmitted, and hence
it is not necessary to increase a dimension in directions
parallel to the longitudinal axis C of the ultrasonic trans-
mitting unit 3. Therefore, the amplitude of the ultrasonic
vibration is effectively enlarged without increasing the
dimension inthe directions parallel to the longitudinal axis
C of the ultrasonic transmitting unit 3. In consequence,
the treatment of the treatment object is efficiently per-
formed by using the ultrasonic vibration at the distal end
of the ultrasonic transmitting unit 3, without increasing
the dimension in the directions parallel to the longitudinal
axis C of the ultrasonic transmitting unit 3.

[0079] Furthermore, in the proximal side relay portion
42’ of the second vibrating section 32’, the sectional area
of the second vibrating section 32’ which is perpendicular
to the longitudinal axis C changes due to the sectional
area changing portion 45’. That is, the second sectional
area D’2 perpendicular to the longitudinal axis C of the
non-contact vibrating portion 43’ (the second vibrating
section 32’) located to the distal direction side from the
proximal side relay portion 42’ is smaller than the first
sectional area D’1 perpendicular to the longitudinal axis
C of the second vibration main body portion 41’ (the sec-
ond vibrating section 32’) located to the proximal direction
side from the proximal side relay portion 42’. In the sec-
ond vibrating section 32’, the ultrasonic vibration is trans-
mitted from the proximal direction toward the distal direc-
tion. Therefore, in the sectional area changing portion
45’ (the proximal side relay portion 42’), the amplitude of
the ultrasonic vibration is further enlarged. That is, the
magnitude V2e of the second amplitude at the second
antinode positions A’2, A’3 positioned to the distal direc-
tion side from the sectional area changing portion 45’ is
larger than the magnitude V2d of the second amplitude
at the second antinode position A’1 positioned to the
proximal direction side from the sectional area changing
portion 45°. Therefore, the amplitude of the ultrasonic vi-
bration is further effectively enlarged.
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[0080] Furthermore, the surface area P of the distal
surface 61 of the ultrasonic transmitting unit 3 is larger
than the second sectional area D’2 perpendicular to the
longitudinal axis C of the non-contact vibrating portion
43’ (the second vibrating section 32’) located to the distal
direction side from the proximal side relay portion 42’.
The surface area P of the distal surface 61 becomes larg-
er, so that the cavitation phenomenon due to the ultra-
sonic vibration is efficiently generated. In consequence,
the living tissue is further efficiently shattered and emul-
sified, and the treatment of the treatment object is further
efficiently performed by using the ultrasonic vibration.
[0081] As described above, in the ultrasonic transmit-
ting unit 3, the magnitude V2e of the second amplitude
of the ultrasonic vibration in the distal surface 61 of the
second vibrating section 32’ (the distal end of the ultra-
sonic transmitting unit 3) can be increased without in-
creasing the outer diameter and without increasing the
dimensionin the directions parallel to the longitudinal axis
C. Inconsequence, the treatment of the treatment object
can efficiently be performed by using the ultrasonic vi-
bration without increasing the outer diameter of the ul-
trasonic transmitting unit 3 and without increasing the
dimensionin the directions parallel to the longitudinal axis
C of the ultrasonic transmitting unit 3.

(Other Modifications)

[0082] Furthermore, in the abovementioned embodi-
ments, the first vibrating section (31; 31’) has two first
antinode positions A1, A2 and one first node position N1,
and the second vibrating section (32; 32’) has three sec-
ond antinode positions A’1 to A’3 and two second node
positions N’'1, N'2, but the numbers of the first antinode
positions A1, A2, the first node position N1, the second
antinode positions A’1 to A’3 and the second node posi-
tions N1, N'2 are not limited to this example. That is, in
the first vibrating section (31; 31’), the distal end and the
proximal end may become the first antinode positions
(A1, A2) of the first vibration. Furthermore, in the second
vibrating section (32; 32’), the distal end and the proximal
end may become the second antinode positions (A’1 to
A’3) of the second vibration. In consequence, the first
vibrating section (31; 31’) and the second vibrating sec-
tion (32; 32’), to which the ultrasonic vibration is trans-
mitted, vibrate at the predetermined frequency f0.

[0083] From the abovementioned embodiments and
modifications, the distal side relay portion (36; 36’) may
be provided in the first vibration main body portion (35;
35’) of the first vibrating section (31; 31’), and the distal
side relay portion (36; 36’) may be positioned at the relay
antinode position A1, which is one of the first antinode
positions (A1, A2) of the first vibration. Furthermore, the
proximal side relay portion (42; 42°) may be provided in
the second vibration main body portion (41; 41°) of the
second vibrating section (32; 32’) in a state that the prox-
imal side relay portion is continuous with the distal side
relay portion (36; 36’) of the first vibrating section (31;
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31’) or abuts on the distal side relay portion (36; 36’), and
the proximal side relay portion (42; 42’) may be positioned
at the middle position M different from the second antin-
ode positions (A’1 to A’3) and the second node positions
(N’1, N’2) of the second vibration. Furthermore, the non-
contact vibrating portion (43; 43’) in which the distal end
of the second vibrating section (32; 32’) is positioned may
be provided in the second vibrating section (32; 32’), and
the non-contact vibrating portion (43; 43’) may extend
from the proximal side relay portion (42; 42’) toward the
distal direction side in a state that the non-contact vibrat-
ing portion is not in contact with the first vibrating section
(31; 31’). Furthermore, the non-contact vibrating portion
(43; 43’) may extend up to a part locate to the distal di-
rection side from the distal end of the first vibrating section
(31; 31).

[0084] According to the abovementioned configura-
tion, the ultrasonic vibration is transmitted from the distal
direction toward the proximal direction in the first vibrating
section (31; 31°). Furthermore, the ultrasonic vibration is
transmitted from the first vibrating section (31; 31’) to the
second vibrating section (32; 32’) via the distal side relay
portion (36; 36’) and the proximal side relay portion (42;
42"). Furthermore, in the second vibrating section (32;
32’), the ultrasonic vibration is transmitted from the prox-
imal direction toward the distal direction. In this case, the
second amplitude of the second vibration at the second
antinode positions (A’1 to A’3) of the second vibrating
section (32; 32’) is larger than the first amplitude of the
first vibration at the first antinode positions (A1, A2) of
the first vibrating section (31; 31’).

[0085] Although the embodiments according to the
present invention have been described above, the
present invention is not restricted to the foregoing em-
bodiments, and it is needless to say that various modifi-
cations can be made without departing from the gist of
the present invention.

Claims

1. An ultrasonic transmitting unit which extends along
alongitudinal axis and which is configured to transmit
an ultrasonic vibration in directions parallel to the
longitudinal axis, comprising:

a first vibrating section which is configured to
transmit the ultrasonic vibration from a distal di-
rection toward a proximal direction, and thereby
configured to perform a first vibration having a
first antinode position and a first node position
at a predetermined frequency; and

a second vibrating section which is configured
to transmit the ultrasonic vibration transmitted
from the first vibrating section from the proximal
direction toward the distal direction, and thereby
configured to perform a second vibration having
a second antinode position and a second node
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position at the same predetermined frequency
as in the first vibration,
wherein the first vibrating section includes:

a first vibration main body portion; and

a distal side relay portion provided in the
first vibration main body portion, and posi-
tioned at a relay antinode position which is
one of the first antinode position, and

the second vibrating section includes:

a second vibration main body portion;

a proximal side relay portion provided in the
second vibration main body portion in a
state that the proximal side relay portion is
continuous with the distal side relay portion
of the first vibrating section or abuts on the
distal side relay portion of the first vibrating
section, and positioned at a middle position
different from the second antinode position
and the second node position; and

a non-contact vibrating portion in which a
distal end of the second vibrating section is
positioned, and which extends from the
proximal side relay portion toward the distal
direction side in a state that the non-contact
vibrating portion is not in contact with the
first vibrating section, the non-contact vi-
brating portion extending up to a part locat-
ed to the distal direction side from a distal
end of the first vibrating section.

The ultrasonic transmitting unit according to claim 1,
wherein when an amplitude of the first vibration is a
firstamplitude and an amplitude of the second vibra-
tion is a second amplitude, the second amplitude at
the middle position has the same magnitude as the
first amplitude at the first antinode position,

the first vibration at the relay antinode position and
the second vibration at the middle position have the
same phase with respect to each other, and

the second amplitude at the second antinode posi-
tion is larger than the first amplitude at the first anti-
node position.

The ultrasonic transmitting unit according to claim 1,
wherein the second vibrating section includes a sec-
tional area changing portion which changes a sec-
tional area perpendicular to the longitudinal axis of
the second vibrating section in the proximal side re-
lay portion, and by which a second sectional area
perpendicular to the longitudinal axis in the non-con-
tact vibrating portion located to the distal direction
side from the proximal side relay portion is smaller
than a first sectional area perpendicular to the lon-
gitudinal axis of the second vibration main body por-
tion located to the proximal direction side from the
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proximal side relay portion.

The ultrasonic transmitting unit according to claim 3,
wherein the first vibrating section is a hollow section
inside which a cavity portion is formed, and

the non-contact vibrating portion of the second vi-
brating section is a columnar portion extending
through the cavity portion.

The ultrasonic transmitting unit according to claim 3,
wherein the non-contact vibrating portion of the sec-
ond vibrating section is a hollow portion inside which
a cavity portion is formed, and

the first vibrating section is a columnar section dis-
posed in the cavity portion.

The ultrasonic transmitting unit according to claim 5,
wherein the hollow portion includes a distal surface
which forms the distal end of the second vibrating
section, and

a surface area of the distal surface is larger than the
second sectional area perpendicular to the longitu-
dinal axis passing through the cavity portion.

The ultrasonic transmitting unit according to claim 1,
wherein a first axis parallel dimension along the lon-
gitudinal axis between a nearby node position posi-
tioned closest to the middle position among the sec-
ond node position and the middle position is smaller
than a second axis parallel dimension along the lon-
gitudinal axis between a nearby antinode position
positioned closest to the middle position among the
second antinode position and the middle position.

The ultrasonic transmitting unit according to claim 1,
wherein the relay antinode position is positioned at
a proximal end of the first vibrating section.

An ultrasonic treatment device comprising:

the ultrasonic transmitting unit according to
claim 1; and

an ultrasonic generating section which is con-
figured to generate the ultrasonic vibration, and
configured to transmit the generated ultrasonic
vibration to the first vibrating section.
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